Study Design. A cross-sectional survey of senior neurosurgical and orthopedic residents.
The treatment of people with spine disorders has evolved and developed an interdisciplinary dimension whereby specialists now move through the boundaries of their parent disciplines in an effort to provide higher quality and more comprehensive care.
The education of spine surgeons, however, has remained "discipline-focused," occurring within neurosurgery and orthopedic residency training programs often without much integration between the two specialties. Yet both orthopedic and neurosurgical graduates are expected to be competent in specific cognitive and technical objectives related to the management of spinal disorders and injuries. 1, 2 Neurosurgical residency training and practice differs significantly from orthopedic training and practice in several respects. 3 Neurosurgical trainees are more likely to encounter a preponderance of cervical disorders, intradural pathology, and are more likely to rely on microsurgical techniques. Orthopedic residents, on the other hand, will be exposed to a higher proportion of thoracolumbar pathology and major deformity (scoliosis and kyphosis). Census data from the American Academy of Orthopedic Surgeons and the American Association of Neurologic Surgeons reveal that spinal procedures comprise approximately 14% of orthopedic practice and up to 60% of neurosurgical practice. While debates regarding "ownership" of spinal surgery by these two disciplines have been long-standing, 4 -7 little attention has been directed at the relative merits and challenges of educating physicians in an environment of increasing subspecialization amid long-standing concerns that a full volume and diversity of clinical experience can no longer be provided in many institutions and residency programs. 8 -11 The rapid medical and technological evolution of spinal surgery can be naturally anticipated to have a significant impact on the goals and objectives of traditional neurosurgery and orthopedic residency training programs. However, to date there has been no formal evaluation of how these training programs are meeting the needs of our graduating residents in preparing them for a future in spinal surgery.
The primary objective of this study was to evaluate the confidence of senior orthopedic and neurosurgery residents in performing a number of common spinal surgical procedures and the self-perceived need for further training in these procedures. Our hypothesis is that, despite differences in training, orthopedic and neurosurgery residents are equally confident in their spine training. The content and exposure to spine training in both disciplines were characterized, together with the anticipated practice profiles of the residents once they completed their training. Data concerning the residents' training exposure, content, and environment were analyzed to identify features that might account for any potential differences in their levels of surgical confidence.
Materials and Methods
A 4-page, paper/pencil questionnaire was developed by the authors encompassing a total of 26 background questions and 25 surgical procedures. Background questions were constructed to characterize the complexity of spinal surgery performed at the parent institution and the perceived impact on the resident's training (Appendix A, available online through ArticlePlus). Surgical skill questions assessed level of comfort in a variety of cervical, thoracic, and lumbar procedures ranging from routine to complex (Appendix B, available online through ArticlePlus). A subset of nine "platform" procedures included cervical closed reduction; posterior cervical wiring; anterior cervical fusion and plating; primary and revision lumbar discectomy; laminectomy; and in situ and instrumented lumbar fusion. These platform procedures were thought to represent basic spinal surgical skills. Also included were 4 neurosurgery specific skills, transoral odontoid resection, surgery for syringomyelia, tethered cord, and intradural neoplasm. The remaining 12 procedures were chosen to reflect a complex spinal practice and are detailed in Appendix B (available online through ArticlePlus).
Residents were asked to grade their perceived competence (confidence) and need for additional training for each of 25 spinal procedures or conditions by answering the following question: "On completion of your residency, how competent were you (or will you be) to perform . . ?" A confidence level was reported for each procedure on a 4-point scale as either "not at all," "a little," "somewhat competent," or "very competent." The need for additional training was assessed by asking: "On completion of your residency, how much additional training did you need (or will you need) to perform . . ?" and reporting the responses on a 4-point scale as "no further," "a little," "some," or "significant" training required. Both scales were coded 1 to 4.
The survey was prepared in both English and French formats to accommodate the preferred primary language of the respondent. The survey instrument was tested with a sample of neurosurgery and orthopedic residents at the University of British Columbia.
Questionnaires were administered to senior residents from each training program across Canada (16 orthopedic surgery, 13 neurosurgery) by a member of the Canadian Spine Society (CSS) identified for this purpose. The CSS members were also asked to provide the total number of senior residents in their programs. Senior residents were defined as those who had completed at least 3 clinical years of orthopedic or neurosurgical residency. Respondents were provided an envelope within which to seal their completed surveys ensuring confidentiality of responses. The survey was circulated between February and April 2004. Raw data were entered directly from the returned surveys into a dBase database, then cross checked and verified. Response frequencies were tabulated based on the specific training program and location (Ortho vs. Neuro and parent institution). Descriptive summaries and statistical testing was performed using SPSS software (SPSS Inc., Chicago, IL) for descriptive summaries, tests of differences between orthopedic and neurologic residents' responses, and the effects of different training paradigms and structures on their surgical confidence levels or needs for additional training.
A canonical discriminant analysis was performed to determine which of the 9 platform procedures best discriminated between ortho and neuro residents specifically analyzing for competence and need for additional training as discriminating variables.
A multivariate regression analysis was performed with competence as the dependent variable and selected independent variables. This same analysis was performed again with need for additional training as the dependent variable and the same independent variables identified from a linear correlation analysis.
Results

Questionnaire Responses
A total of 132 senior residents were identified from the 29 Canadian training programs. A total of 99 completed questionnaires were received and correctly completed, for an overall response rate of 75%. Twenty-six of the respondents were in a neurosurgical training program and 72 were completing orthopedic programs. The neurosurgical and orthopedic response rates were 77% and 74%, respectively (Table 1) . Among English-speaking programs, the response rate was 84% (93 of 111) while the return rate for the French-speaking cohort was only 29% (6 of 21).
Characteristics of Training
When asked about the duration and quality of their exposure to spine training, neurosurgical residents reported an average of 37% of their residency spent on spine related clinical and academic activity. Neurosurgery respondents were exposed to an average of 1 month of a full-time spine service, while experiencing a mean of 26 months of residency where spine surgery was performed in addition to other elective procedures. By contrast, orthopedic residents spent an average of 16% of their residency on spine related activity, consisting of an average of 5 months of full-time spine exposure (FTSpine) and 7 months of spine surgery in addition to other elective procedures ( Figure 1 ). These exposure and delivery of training figures did not change materially when only those residents contemplating performing spinal procedures in their future practice were included in the analyses. The differences in time spent on spine training between orthopedic and neurosurgical residents remained significantly different (P Ͻ 0.001).
Residents from both programs felt that relative to other subspecialties, their time and exposure to spine surgery in their residency was "about right," although tending toward "a little too brief."
Anticipated Spine Surgery Caseload When in Full-Time Practice
The proportion of all respondents who anticipated performing elective and emergency spinal procedures once in full-time practice was 40% for elective and 45% for emergency surgery (Figure 2 ). Emergency spine procedures were considered likely to be performed by 96% of neurosurgery graduates but by only 28% of orthopedic graduates (P Ͻ 0.002). While on call, 73% of all respondents (96% neurosurgery, 65% orthopedics; P ϭ 0.082) anticipated being asked to see a patient with acute spinal cord injury.
Performing elective spine procedures was expected by 92% of neurosurgery respondents but by only 22% of orthopedic graduates (P Ͻ 0.001). In their future practices, neurosurgery residents estimated that 46% of their elective consultations would be spine related, while orthopedic respondents estimated only about 12% (P Ͻ 0.001). Among the 72 orthopedic residents, 24 (33%) planned to perform spine surgery either emergency or elective spine surgery in practice. Among the 33% of orthopedic residents who anticipated performing spine surgery, only 26% of their elective consultations were anticipated to be spine related. Overall, neurosurgery graduates estimated 42% of their anticipated surgical procedures to involve the spine, whereas orthopedic graduates anticipated spine to comprise only 8% of their caseload (P Ͻ 0.001). Even among those orthopedic respondents who anticipate performing spine surgical procedures once in practice, only 22% of their projected surgical workload was likely to be spine related.
Of those respondents planning to dedicate some of their practice to spinal surgical procedures, 29% of neurosurgery and 17% of orthopedic residents were intending to apply for spine fellowships (Table 5) .
Hospital Resources and Programs
A dedicated spinal cord injury unit was present at parent institutions for 46% of respondents. Only 15% were required to rotate through the unit while 22% were expected to provide on-call coverage. Overall, 61% of respondents reported having spine fellows at their institution. In general, they reported the impact of fellows' presence as having largely "no effect," although tending toward "somewhat negative." Both orthopedic and neurosurgery residents regarded the effect of fellows on their training as remarkably similar. Hospital resource limitations (beds, OR time, and implant budgets) were thought to have a minimal impact on the residents' training. Neurosurgery respondents reported a more significant negative impact related to implant budget restrictions than did orthopedic residents (P Ͻ 0.027). Access to texts, journals, and teaching rounds were reported uniformly between "some" and "ample." Access to journal clubs and clinical research opportunities was reported as "little" to "some," while involvement in basic research was reported between "none" and "little." Exposure to surgical cases involving electrophysiologic monitoring ranged widely between "a few" to "several."
Qualitative Assessment of Training
The mean response from residents when they were asked if they understood cognitive and technical residency objectives fell between "somewhat" and "fairly well." When asked if they felt that these objectives had been met by their training, again the mean response fell between "somewhat" and "fairly well." There were no differences in responses between the two disciplines. The mean confidence of residents to interpret CT and MRI images was rated between "somewhat" and "very confident" with little difference between residents from the two programs. Similarly, residents from both programs were equally confident in performing elective spine diagnostic evaluations and the mean confidence was rated between "reasonably" and "very confident."
Surgical Confidence and Need for Additional Training
Neurosurgery respondents on average reported significantly higher ratings of competence than did orthopedic residents in performing all 25 procedures (3.2/4.0 vs. 2.2/4.0 or 79% vs. 56% of the maximum possible score [mps]; P Ͻ 0.001) ( Table 2) . Similar increases were observed for both orthopedic and neurosurgical confidence levels when the means for the full 25 procedures were compared with the 21 specialty-neutral procedures (excluding the four neurosurgical-specific procedures) and then to the 9 platform procedures. In all of these analyses, the differences between orthopedic and neurosurgical residents remained significant.
Multivariate regression analysis was performed to predict overall confidence in the 25 surgical procedures Numerical scores are means on scales of 1 to 4, where for confidence: 1 ϭ not at all competent, 2 ϭ a little competent, 3 ϭ somewhat competent, and 4 ϭ very competent. Similarly, for need for additional training: 1 ϭ no further training required, 2 ϭ a little training, 3 ϭ some training, and 4 ϭ significant training required. using the following five predictors: pursuit of a spine fellowship, months of full time spine, months of spine in addition to other elective surgery, overall percentage of spine in residency, and the presence of spine fellows at their location. Consistently, the amount of training devoted to spine was the strongest predictor of overall confidence, accounting for 20% to 29% of the variance. The complexity of spinal exposure did not significantly predict self-perceived competence or the need for additional training (Table 6 ). Simple 2 ϫ 2 analyses of variance were used to test whether confidence was better accounted for by the program in which the resident was enrolled (neurosurgery vs. orthopedics) or by whether the resident anticipated performing spine surgery when in practice (yes or no). This analysis revealed that between one fourth to one third of the variance in confidence was accounted for by the program in which the respondent was enrolled (orthopedics or neurosurgery). Whether or not the resident intended to perform spine surgery in future practice did not account for the confidence variance to any significant degree. On average, the reported need for additional training by both groups combined was between "a little" and "some" training (2.8/4.0 or 70% mps) ( Table 2) . Neurosurgery residents were more likely to respond that "no further" or "a little" training would be required, while orthopedic residents responded that "a little" to "some" training would be required (P Ͻ 0.001). The differences between orthopedic and neurosurgery respondents in their perceived needs for additional training remained significant whether the analysis was performed for all 25 procedures, the 22 neutral procedures, or the 9 platform procedures (all P Ͻ 0.001). Again, as with confidence in surgical skills, one fourth to one third of the variance in overall need for such further training was accounted for by the program (orthopedics or neurosurgery) but not by intention to perform spine surgery in future practice.
A discriminant analysis was performed on confidence responses to determine which of the 9 platform procedures best discriminated between orthopedic and neurosurgical program enrollment. Of the 9 platform procedures (Table 3) , all but lumbar pedicle screw fixation were highly significant discriminators (P Ͻ 0.009 or better). Using the residents' own judgment of their competence for the 9 platform procedures alone, 93% could be correctly identified as either neurosurgery or orthopedic residents. Similarly, a discriminant analysis of needs for additional training revealed that 91% of the residents could be correctly identified as coming from an orthopedic or neurosurgical program. Misclassifications occurred at about the same rate for orthopedic respondents (7%) as for neurosurgery respondents (8%).
Similar analyses of resident confidence and need for additional training were recalculated by including only those 50 residents who anticipated performing spine procedures in practice, thereby excluding those without strong interest in achieving technical competence. The differences between orthopedic and neurosurgical respondents remained significant in this subgroup analysis (Table 4) .
Finally, residents were asked to list three spine clinical scenarios that they might encounter but which their training had not equipped them to manage confidently. Fifty-two percent of neurosurgery residents reported 39 conditions with which they were uncomfortable, while 70% of orthopedic residents identified a total of 127 conditions that they were not equipped to manage confidently. Neurosurgical responses tended to focus on procedures such as transoral odontoidectomy and anterior thoracic vertebrectomy, while orthopedic responses were much more variable and reflected concern regarding trauma management (particularly cervical), and a broad range of simple (lumbar decompression, spondylolisthesis, etc.) as well as complex pathologies.
Discussion
Competence has been described as "the demonstrated ability to safely care for patients in a thoughtful and knowledgeable manner while maintaining acceptable standards of professional behavior." 12 Although written and oral examinations may evaluate some aspects of a factual knowledge base, the assessment of technical skill acquisition, professionalism, and outcome-based competence remains elusive. [11] [12] [13] [14] [15] In this study, we asked residents to grade their own "competence." However, this self-reported competence is best interpreted as a de facto measure of the confidence Numerical scores are means on a scale of 1 to 4, where for confidence: 1 ϭ not at all competent, 2 ϭ a little competent, 3 ϭ somewhat competent, and 4 ϭ very competent. Similarly, for need for additional training: 1 ϭ no further training required, 2 ϭ a little training, 3 ϭ some training, and 4 ϭ significant training required. Orthopedics-spine represents those orthopedic residents who are anticipating performing some spine surgical procedures in practice.
of the graduating resident. As such, a resident's confidence fails to measure technical skill acquisition, professionalism, and many of the other aspects of true competence. 11, 14 Despite this limitation, and assuming some capacity for accurate introspective self-reflection on the part of the resident, there is likely considerable relevance to the trainee's confidence since it will likely guide their subsequent clinical practice and may be a reflection of exposure to adequate clinical volume.
This study has shown that across multiple surgical procedures, the neurosurgical senior resident is significantly more confident than his or her orthopedic colleague. This holds true for both complex and relatively straightforward procedures. Multivariate regression analysis performed in our study suggests that the neurosurgical residents' heightened confidence is due principally to the fact that more than twice as much of a neurosurgery residency is devoted to spine compared with an orthopedic residency (37% vs. 15%). The type of exposure to spine training (dedicated spine rotation vs. integration with other nonspinal surgery) did not influence confidence. Instead, the overall percentage of residency devoted to spine exposure was strongly predictive of both confidence and need for additional training.
These findings, although not surprising, are disconcerting for several reasons. There is no difference in confidence between those orthopedic residents who anticipate performing spinal surgical procedures and those who do not. Very few (17%) of the orthopedic residents who expect to perform spine surgery believe they will undertake a spine fellowship, despite their low confidence levels. This finding has to be carefully interpreted since non-fellowship-trained orthopedic surgeons may eventually not perform a substantial amount of spinal surgery once in practice.
While both disciplines have demonstrated conflicting opinions regarding the impact and potential benefits of subspecialization, 1,4,9,16 -18 neurosurgery residency program directors have remained open to revising their curriculum to include basic training followed by 3 years of subspecialty training. 19 Perhaps tailoring the orthopedic residency experience to the subspecialty needs of the residents would facilitate greater exposure during residency and presumably greater confidence.
The practice expectations are vastly different for graduates from the two disciplines. Our results have shown that, among orthopedic residents who anticipate performing spine surgery, the fraction of their practice anticipated to involve spine (22%) was still about half that of their neurosurgical colleagues (42%). This gap may continue to broaden as spine surgery becomes a greater proportion of neurosurgical practice and a smaller proportion of orthopedic practice.
There are several limitations to this study; specifically that: 1) we are unable to objectively assess competence and are merely recording the self-assessed confidence of the residents; 2) it is possible that residents within one discipline may have a different level of "baseline confidence" due either to their training environment or factors intrinsic to their specific discipline; 3) we acknowledge the absence of any case-log data or assessment of frequency of exposure to various types of cases; and 4) it To determine which variables are the best predictors of confidence, overall confidence was examined using five potential predictors as shown. The format of the exposure to spine training did not reach significance as an independent predictor; however, the total amount of time devoted to spine surgical training was the strongest single predictor of confidence.
is possible that the 25% of senior residents who did not respond to the survey create some form of nonresponder selection bias, possibly related to them being less interested in spine as a subspecialty. Finally, there may be substantial differences between the Canadian residencytraining environment and that in other countries. It would be imprudent, though, to dismiss the Canadian experience without any evidence that these issues are not relevant to other countries. Because of the prevalence of "spine-specific rotations" in orthopedics, some respondents may not have been exposed to any spine surgery for up to 2 years before filling out this survey. Neurosurgery residents, on the other hand, were more likely to have recently been exposed to spinal surgery.
Although not directly addressed in this survey, we recognize the importance of postgraduate spine training. We acknowledge that the majority of contemporary orthopedic spine surgeons have chosen spine as their subspecialty and most, if not all, have completed 1 or several years of fellowship training. 5 There is no evidence of any disparity in confidence or competence for those surgeons that have arrived in subspecialty practice, often after fellowship training, but from different departmentally based residency-training programs.
Conclusion
The results of this research suggest that orthopedic residency training programs dedicate less time to spinal surgery education compared with neurosurgical programs. As a result, graduating orthopedic residents feel less competent ("confident") in their ability to perform not only complex but also basic spinal surgical procedures compared with their neurosurgical counterparts. Additionally, spine fellowship training holds a lower priority for the orthopedic graduates. These observations underscore the need for manpower and education planning at provincial/state and federal levels so that residency training programs can be tailored to meet identified needs and priorities.
Key Points
• Orthopedic residency training programs dedicate less time to spinal surgical training than do neurosurgical training programs (16% vs. 37%).
• Once in practice, neurosurgical graduates anticipate that spine procedures and consultations will comprise a much larger component of their clinical practice than is the case for orthopedic graduates.
• Neurosurgery residents reported significantly higher confidence levels and less need for additional training in not only complex surgical procedures but also platform procedures such as discectomy and laminectomy.
• The amount of residency training devoted to spine, not the type of rotation (full time spine vs. spine-plus), was most predictive of confidence.
• Residents who anticipated performing spine procedures in practice did not have any additional exposure to spine when compared with those who would not see spine problems in practice.
